Introduction
In southern and southeastern Brazil, the expansion of monocultures in the last decades brought an increasing reduction and fragmentation of native forests. The Atlantic Forest was reduced to only 7.5% of its original cover (Myers et al. 2000) . In the present time, its cover is highly reduced and fragmented (Ribeiro et al. 2009 ). The Subtropical Atlantic Forest, also named Seasonal Forest, is an ecoregion of the Atlantic Forest. With an original cover of 1 000 000 km 2 including Brazil, Argentine and Paraguay, nowadays it exhibits only 6% of that area (Burkart & Fernández 2002) .
The concern with ecosystem restoration in the Atlantic Forest has been recently growing among Brazilian communities and scientists. In such wise, different methods of forest restoration have been investigated (Coelho 2010) . Strategies of forest restoration include imitating natural secondary succession, direct seed sowing, monospecific or mixed tree species plantation (Holl et al. 2000 , Martínez-Garza & Howe 2003 , or nucleation with key species that could favor the succession (Reis et al. 2003) . In several cases, the seedling plantings constitute a necessary step to obtain satisfactory regeneration since other strategies such as direct sowing or natural regeneration have not produced the expected results (Parrotta & Knowles 1999 , Camargo et al. 2002 . Additionally, tree establishment contributes to a fast recovery of ecological processes and parameters e.g., the incremental accumulation of litter, nutrient cycling, and the increase in faunal and floral diversity (Carlo et al. 2003 , Ruiz-Jaén & Aide 2005 .
In the secondary succession, the facilitation model considers that only pioneer species are able to colonize following a perturbation. The early-succession species could modify the environment, making it more suitable for later-succession species. Oppositely, in the inhibition model, the pioneer species prevent the establishment of other species, which could only colonize the site when a new perturbation occurs. Alternatively, the tolerance model predicts that the later-succession species are able to survive and grow under the presence of the early-succession species, despite the environmental modifications provoked by them (Connell & Slatyer 1977) . The balance between facilitation and competition (inhibition) could be circumstantial and dependent of abiotic factors such as soil nutrient status and moisture (Callaway & Walker 1997) .
Models of restoration based on a heterogeneous pool of tree species of different successional status have been proposed in Brazil over the last two decades (Kageyama et al. 1989 , Knowles & Parrotta 1995 , Kageyama & Gandara 2000 and more recently in Asia (Shono et al. 2007 ). In these successional models, it is assumed that secondary and shade-tolerant tree species, which present poor (if any) establishment in open and degraded areas, could be favored by the pioneer species through facilitation. However, there is scarce evidence of facilitation in restoration or secondary succession in the Neotropics, and in certain cases the evidences are contrary (Kageyama & Gandara 2000) . Besides, monospecific plantations, particularly some long-lived pioneer tree species, can hinder the return of later successional species (Martínez-Garza & Howe 2003 , Newmaster et al. 2006 . We carried out an assessment of woody plants diversity in the understory of plantations of two native tree species from southern Brazil, Trema micrantha (L.) Blume (Cannabaceae) and Schinus molle L. (Anacardiaceae), in comparison with the spontaneous regeneration observed in an adjacent area. These species are pioneer trees from Neotropics, with fast growth, good adaptation to open areas and also adequate to plantations in degraded sites (Carvalho The successional model of forest restoration is based on the facilitation process, in which the establishment of pioneer tree species favors the late successional tree species. We tested the hypothesis of facilitation through a case study, comparing tree species diversity in the understory of two Neotropical native tree species plantations, Trema micrantha (L.) Blüme (Cannabaceae) and Schinus molle L. (Anacardiaceae). Results obtained under the plantations were compared with an adjacent area under spontaneous secondary succession, analyzing the ligneous plant diversity, soil physic-chemistry and shading. Additionally, the seed rain under the two plantations was analyzed. The area of spontaneous secondary succession and the area with T. micrantha had the highest ligneous plant diversity. The understory of T. micrantha plantation had the lowest light intensity and higher late successional species abundance. In addition, T. micrantha had higher plant diversity than S. molle, which could be explained at least partially by higher diversity in the seed rain. Higher litterfall and mineral content of leaves and twigs of T. micrantha did not coincide with higher topsoil mineral content under that species. Instead, soil under S. molle had higher level of P than the soil under T. micrantha. Data suggest that a high diversity of ligneous plants could be thrived by the spontaneous succession. On the other hand, T. micrantha had promoted a higher richness and abundance of late successional species, which could be related to a more pronounced shade effect, in agreement with the facilitation conception. The lowest diversity and density of ligneous plant species under S. molle characterizes an inhibition effect. T. micrantha could be included in restoration plans assembled with other species or combined with areas without intervention, whenever the spontaneous regeneration is possible.
Keywords: Forest restoration, Secondary succession, Shading, Solanum mauriatianum, Schinus terebinthifolius 1994, Benvenuti-Ferreira et al. 2009 ). As pioneer trees with fast initial growth, such species could hypothetically exert a facilitation role when colonizing open areas. Consequently, we expected higher diversity of woody plants under the plantations than in the abandoned area. We tested that hypothesis evaluating the spontaneous regeneration under two plantations of those species, which are established side by side. To elucidate the mechanisms under the differences observed, we had measured: light intensity, seed rain, litterfall, topsoil fertility. We discuss the results in the perspective of the successional model and its underlying hypothesis of facilitation.
Methods
The investigation was undertaken at the Instituto Regional de Desenvolvimento Rural/ UNIJUÍ, FIDENE, Augusto Pestana, Rio Grande do Sul State, Brazil (28° 26' 32" S, 54° 00' 12" W). The soil is a red Oxisoil and the predominant forest is a Subtropical Semi-deciduous Seasonal Forest. The plantations of T. micrantha and S. molle were side by side, 3.0 x 2.0 m spacing, both established in June 2001. The area was formerly a pasture occupied by dairy cattle. The terrain was subsoiled only in the planting lines. The plantations were established with seedlings (15-25 cm height) produced in individual conic containers (75 cm 3 ) in the Viveiro Regional, IRDeR/UNIJUÍ, Augusto Pestana, Rio Grande do Sul State, Brazil. Each seedling received 100 g of granulated NPK fertilizer (04-14-08), which was mixed with the soil around the seedling at the moment of planting. The abandoned area without plantation was adjacent to the two plantations. Trees in plantations of T. micrantha showed an average diameter of 52 ± 12 cm at 20 cm above the ground and an average height of around 7.0 m. Trees in plantations of S. molle had 43 ± 11 cm of diameter at 20 cm above the ground and near 7.5 meters height on average.
The spontaneous regeneration of ligneous species in the understory of the two plantations and in the shrubby secondary vegetation was measured through a phytosociological survey carried out between April and September 2009, with plots of 2.0 x 1.3 m. Only ligneous plants with height > 30 cm were included in the sample. The ligneous plants included trees, shrubs and climbing species. The sampled area was the same in the three sites (104 m 2 each). The sample sufficiency has been assessed with the species-point curve. The values of absolute and relative density, frequency and abundance were calculated through usual equations. The Shannon index H' has been calculated from the values of relative abundance (Brower et al. 1998) .
Species were classified in three successional groups, namely: pioneers, secondary and late successional, corresponding to the classification of Denslow (1980 Tedesco et al. (1995) . Analyses were carried out at the Soil Laboratory of UNIJUÍ (Ijuí, Rio Grande do Sul State, Brazil).
The mineral content of leaves and twigs of the two planted species was measured on 100 g samples collected in January 2010 from ten plants of each species. Only twigs and leaves of the last two growth units (less than one year old) were included. The samples were dried in an air forced circulating oven at 40 °C. Chemical data were provided by the UFRGS Laboratory (Porto Alegre, Rio Grande do Sul State, Brazil) through methods recommended by Tedesco et al. (1995) .
Litterfall was estimated through ten traps of 0. 
Results
Richness and abundance of ligneous plant species were higher under T. micrantha (TM) and in the spontaneous vegetation (SV) than under S. molle (SM). The proportion of secondary and late successional species was higher in TM (Tab. 1).
In all areas, twenty different species were recorded in the phytosociological inventory and four additional species were recorded out of the plots (Tab. 2). Among them, Hovenia dulcis and Morus nigra are exotic species.
Similarity among the studied areas was very low. Only S. terebinthifolius was shared in between TM and SM. Between SM and SV areas there were three species in com- Tab. 1 -Abundance and diversity data of ligneous plant species from the understory of T. micrantha (TM), understory of S. molle (SM), and spontaneous secondary regeneration area (SV). The light intensity at 0.5 m above the ground was higher in the SV. TM presented a higher light intensity than SM area in the end of winter and early spring (September), thereafter the effect of frosts between July and August. The frosts cause the total loss of leaves in T. micrantha. The leaf cover was restored during the summer, so that the light intensity in March onwards was lower in TM plantation (Fig. 1) .
Parameters
Litter production (dry weight) was higher under TM than under SM (677 g m -2 year -1 and 325 g m -2 year -1 , respectively). Data on litterfall in the spontaneous vegetation were not available.
The mineral contents of the soil are higher in the SV area for S, Ca and Mg. SV also have larger values of CEC and base saturation (Tab. 3). The plantations of TM and SM had higher levels of Cu and P. The SM area showed elevated values of Zn (Tab. 3).
The mineral content of leaves and twigs of T. micrantha was higher than of S. molle as a general rule (Tab. 4).
The seed rain in the plantation of T. micrantha included 34 seeds of six different species, corresponding to 23.1 seeds m Tab. 3 -Physico-chemical soil profile in the top soil (0-10 cm) under T. micrantha and S. molle plantations, and in the spontaneous secondary regeneration. Different letters among columns indicate significant differences after Tukey's test (P < 0.05).
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Discussion
The spontaneous succession and the plantation of T. micrantha promoted highest ligneous species diversity. However, the floristic composition was clearly different among them. The proportion of secondary and late successional species was higher under T. micrantha, which probably is related to more shaded conditions. Regeneration under T. micrantha indicates facilitation to species such as Ocotea puberula and Trichilia elegans, while an inhibition effect should be considered for others, e.g., Matayba eleagnoides, Solanum mauritianum and Baccharis dracunculifolia. Our results are in contrast with those from Butler et al. (2008) , who reported a systematic lower diversity in the spontaneous regeneration compared to plantations. A possible explanation may lie in the former land use of the study areas. In our investigation, the area with natural regeneration was a cattle pasture with low animal densities, while in the study of Butler et al. the land activity was rice production, followed by cattle pastures. Past land use is decisive to the quality and rate of regeneration (Uhl et al. 1988) .
The presence of exotic species did not differentiate the areas, and could be considered low, as only two individuals (of two different species) were observed.
The soil chemical profiles indicate that plantations present lower levels of important nutrients in the topsoil, for instance Ca, Mg and S, and also lower levels of V% and CEC. On the other hand, they had higher levels of P, which could be due to fertilizer addition at the moment of planting. Lower levels of Ca and Mg in the topsoil under plantations (and V% in the case of TM) could be due to the movement of the bases from soil to the aboveground biomass due to fast growth of the plantations.
In early stages of the secondary succession, sites with higher fertility can exhibit higher diversity (Finegan & Delgado 2000) . However, lower levels of nutrients only hardly could explain a lower diversity under S. molle, which had lower diversity and density of woody recruits than T. micrantha plantation, in spite of equivalent levels of nutrients in the topsoil (except for P, which was larger in S. molle sites).
Moreover, the diversity tends to increase along the secondary succession, in spite of reduction of nutrients in the topsoil (Coelho et al. 2011) . In tropical mature forests, differences in floristic composition and diversity could be related to soil fertility, with a negative correlation between diversity and nutrient levels (Huston 1980 , Paoli et al. 2006 ).
The light intensity under S. molle was intermediate, so that factor was probably not the cause of its lower diversity and abundance of saplings. Two alternative explanations to the low diversity and abundance of woody species could be invoked, namely: the differences in the seed rain and the existence of allelopathy. Total number of propagules in seed rain was more than six times higher under T. micrantha than under S. molle, which partially could have contributed to the higher diversity in the first.
Low diversity under S. molle could also be related to allelopathy. S. molle presents high contents of allelochemicals with noteworthy biological activities (Gebre-Amlak & Azerefegne 1999) and in vitro allelopathy (Materechera & Hae 2008 , Zahed et al. 2010 . The increment in fertility combined with inhibitory effects (and low plant diversity) was also observed under plantations of Pinus taeda L. and Eucalyptus viminalis Labill. (Gonçalves et al. 2003) . Notwithstanding, allelopathic effects in the field are a matter of controversy, and usually difficult to be distinguished from other mechanisms of negative interference, such as competition for nutrients and water (Royo & Carson 2006) . New experimental research on the allelopathic potential of fast-growth pioneer tree species is decisive to understand the secondary succession and to the perspective of tree plantations as a strategy to improve forest restoration.
The seed rain intensity was higher under T. micrantha plantation, which demonstrates that species can differ in their attractiveness to the seed dispersers. The zoochory was the predominant mechanism in regeneration of the experimental area (79% of the species), slightly larger to other reports from Seasonal Semi-deciduous Forests from southern Brazil (63-77 % - Nascimento et al. 2000 , Giehl et al. 2007 , Ruchel et al. 2007 ). Nevertheless, the observed rate of 23 seeds m -2 year -1 can be considered low. In the same ecoregion, perches installed in an abandoned pasture presented 106 seeds m -2 year -1 (Pillatt et al. 2010) . In other ecoregion of the Atlantic Forest, a seed rain intensity of 181 seeds m -2 year -1 was observed under perches (Vicente et al. 2010) .
As a low-cost alternative to restoration, spontaneous secondary succession could be recommended to sites without hampering factors, such as weed invasion or absence of seeds source. On the other hand, the use of pioneer tree species such as T. micrantha could facilitate the establishment of other tree species, especially the late successional ones. Whenever possible, the combination of plantation with facilitation properties and abandonment, side by side, could promote higher diversity in degraded areas.
Conclusions
The diversity of woody plants under the plantations of S. molle was lower than spontaneous regeneration and under T. micrantha plantation, which configures an inhibition.
T. micrantha could favor the recruitment of certain late successional woody species, and its plantation could contribute to accelerate the secondary succession.
T. micrantha present higher values of litterfall and mineral content in the leaves when compared with S. molle, but the topsoil under T. micrantha present lower levels of P, indicating that the process of transference of mineral nutrients from the soil to the aboveground biomass could overcome the return via litterfall.
T. micrantha presents higher values of seed rain of woody species when compared with S. molle.
